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DCI ProjectDCI Project

Objective:  aid user in working as part of a team of Objective:  aid user in working as part of a team of 
distributed humans and automated control agents to distributed humans and automated control agents to 
perform remote operations safely perform remote operations safely 

Approach:  provide proxy agents for each user that Approach:  provide proxy agents for each user that 
facilitate this interactionfacilitate this interaction

Agents are called Attentive Remote Interaction and Execution Agents are called Attentive Remote Interaction and Execution 
Liaison (ARIEL) agents Liaison (ARIEL) agents 
ARIEL agent serves a single user by providing services to help ARIEL agent serves a single user by providing services to help 
achieve goals according to organizational policies and protocolsachieve goals according to organizational policies and protocols
Services are defined independent of a specific human but are Services are defined independent of a specific human but are 
configurable by the userconfigurable by the user



OPS Analog:  Advanced Water LabOPS Analog:  Advanced Water Lab
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ADTO: Integrated Crew & Ground OPSADTO: Integrated Crew & Ground OPS
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How does ARIEL Agent Assist OPS?How does ARIEL Agent Assist OPS?
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Facilitate user interaction with control agents and other Facilitate user interaction with control agents and other 
humans to perform tasks associated with assigned roles humans to perform tasks associated with assigned roles 
in an operational groupin an operational group

Communicating in an Communicating in an 
organizational contextorganizational context

Coordinating group activitiesCoordinating group activities

Tracking human locationTracking human location

Summarizing complex Summarizing complex 

situationssituations

Aiding coordinated, Aiding coordinated, 

distributed commanding distributed commanding 

within groupwithin group



Communicating in Communicating in OrganizationalOrganizational
ContextContext

ARIEL notifies user of control events & agent notices ARIEL notifies user of control events & agent notices 
based on group requirements & personal preferencesbased on group requirements & personal preferences

Policies for notification are defined for each role a human takePolicies for notification are defined for each role a human takess
As roles change, policies in effect update automaticallyAs roles change, policies in effect update automatically
Initial implementation of policyInitial implementation of policy--based notification addressed based notification addressed 
notification of incoming eventsnotification of incoming events
Generalize our approach to notification for policyGeneralize our approach to notification for policy--based, based, 
integrated information presentationintegrated information presentation

Any ARIEL Service:  When a change occurs requiring notification Any ARIEL Service:  When a change occurs requiring notification of of 
the user (e.g., event, deadline passes), determine which notice the user (e.g., event, deadline passes), determine which notice 
policies hold and pass notices with policies to UI Managerpolicies hold and pass notices with policies to UI Manager
UI Manager:  Interpret these policies across all events using meUI Manager:  Interpret these policies across all events using metata--
policies that assign saliency and modality annotations policies that assign saliency and modality annotations 
Presentation Managers:  Interpret the annotations for integratedPresentation Managers:  Interpret the annotations for integrated
presentation within a mediumpresentation within a medium



Initial Approach

Incoming
Notice or Event

Notice Policies
for a user 

Identify & 
Interpret 
Policies Annotated 

Notice
- saliency
- modality

User Presence

Interpret 
Annotations Presentation 

Media

Generalized Approach

Incoming Event

Meta-Policies
across notices

Interpret 
Policies

User 
Presence

Identify
Policies

Internal change

Notice + 
Policies

Notice Policies
for info type

Annotated 
Notice
- saliency
- modality

Interpret 
Annotations Presentation 

Media

Identify
Policies



Agent CommunicationAgent Communication

Communication Management Service:  defining a new Communication Management Service:  defining a new 
service to support human/multiple agent communication service to support human/multiple agent communication 

Inform an agent:  Information passed from one agent to other Inform an agent:  Information passed from one agent to other 
agentsagents

Domain events:  control agent to humanDomain events:  control agent to human
AgentAgent--initiated events:  human to human, human to support agent initiated events:  human to human, human to support agent 
(e.g., IBRA), support agent to human(e.g., IBRA), support agent to human

Query an agent:  Structured interaction that links the query froQuery an agent:  Structured interaction that links the query from m 
requesting agent to the answer from responding agentrequesting agent to the answer from responding agent
Chat with an agent: Query requesting to communicate, followed Chat with an agent: Query requesting to communicate, followed 
by unstructured information exchangeby unstructured information exchange

Modeling considers the agent communication standards Modeling considers the agent communication standards 
define by the Foundation for Intelligent Physical Agents define by the Foundation for Intelligent Physical Agents 
(FIPA)    (FIPA)    

http://www.fipa.org/repository/aclspecs.htmlhttp://www.fipa.org/repository/aclspecs.html



Coordinating Group ActivitiesCoordinating Group Activities
DCIDCI manages usermanages user tasks based on group rolestasks based on group roles andand
coordinates coordinates group actionsgroup actions

Activity planner builds centralized group plan, assigns tasks, aActivity planner builds centralized group plan, assigns tasks, and nd 
marks tasks completemarks tasks complete
ARIEL agent ARIEL agent tracks completion of its usertracks completion of its user’’s activities and provides s activities and provides 
assessment to plannerassessment to planner

StatusStatus
Implementing strategy for handling tasks not completed on Implementing strategy for handling tasks not completed on 
scheduleschedule

Unless scheduled task is critical, assume done at planned timeUnless scheduled task is critical, assume done at planned time
At the end of the day, user reviews daily schedule and identifieAt the end of the day, user reviews daily schedule and identifies s 
which tasks did not completewhich tasks did not complete
Tasks not completed and not canceled are replannedTasks not completed and not canceled are replanned

Extending the Conversion Assistant for Planning to initiate Extending the Conversion Assistant for Planning to initiate 
replanningreplanning

Changes in crew health Changes in crew health 
Changes in flight rulesChanges in flight rules
System anomalies not requiring immediate actionSystem anomalies not requiring immediate action



Tracking Human LocationTracking Human Location

ARIEL agent tracks the location of its userARIEL agent tracks the location of its user
Maps location readings to physical location ontologyMaps location readings to physical location ontology

Track machine locations where users login/out of ARIELTrack machine locations where users login/out of ARIEL

Translates location and online/offline information to Translates location and online/offline information to 
human presence ontologyhuman presence ontology
Status:  adding additional location readingsStatus:  adding additional location readings

GPS sensor on handheld for tracking outside buildingsGPS sensor on handheld for tracking outside buildings
RFRF--based trackingbased tracking

Mobile platform measures signal strength from wireless access Mobile platform measures signal strength from wireless access 
points points 
Measurements are matched to a signal strength map to Measurements are matched to a signal strength map to 
triangulate the current position within a buildingtriangulate the current position within a building

Nearest neighbor technique (Nearest neighbor technique (Bahl, P. and V. N. Bahl, P. and V. N. 
Padmanabhan, 2000)Padmanabhan, 2000)
Combine sCombine signal strength with Bayesian modeling (Castro, ignal strength with Bayesian modeling (Castro, 
P., P. Chiu, T. Kremenek, and R. Muntz , 2001)P., P. Chiu, T. Kremenek, and R. Muntz , 2001)



Summarizing Complex SituationsSummarizing Complex Situations

DCI environment captures complex situations for review DCI environment captures complex situations for review 
SituationSituation capture using Event Detection Assistant (EDA) capture using Event Detection Assistant (EDA) 
(Fitzgerald, W., R. J. Firby, & M. Hanneman. 2003).(Fitzgerald, W., R. J. Firby, & M. Hanneman. 2003).
SituationSituation viewed using ARIEL agentviewed using ARIEL agent

StatusStatus
Defining the information required to specify a control situationDefining the information required to specify a control situation

(Endsley, 1996; Christoffersen, Blike, and Woods, 2002)(Endsley, 1996; Christoffersen, Blike, and Woods, 2002)
Collected in realCollected in real--timetime

Data changes from controlled systemData changes from controlled system
Events recognized in data and relationships among eventsEvents recognized in data and relationships among events

Primitive events and complex events built from primitive eventsPrimitive events and complex events built from primitive events
Defined aprioriDefined apriori

Parameter data definitions (e.g., value range, units, expected vParameter data definitions (e.g., value range, units, expected values)alues)
Patterns and conditions used to recognize eventsPatterns and conditions used to recognize events

Supporting review of situation from different perspectivesSupporting review of situation from different perspectives
Utilizing event hierarchy to investigate the situationUtilizing event hierarchy to investigate the situation
Relating system changes to tasks performedRelating system changes to tasks performed



WRS

BWP     RO     AES     PPS

ARS

VCCR     CRS     OGS

Crew Life Support
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Aiding Distributed CommandingAiding Distributed Commanding

ARIEL agent will assist humans in commanding systems ARIEL agent will assist humans in commanding systems 
normally managed by automated control agentsnormally managed by automated control agents

Checks credentials of user based on assigned rolesChecks credentials of user based on assigned roles
Detects and resolves potential command conflictsDetects and resolves potential command conflicts

Encode policies for command authorization based on model of how Encode policies for command authorization based on model of how 
procedures affect the controlled systemprocedures affect the controlled system
Initially, implement authorization policies for nominal operatinInitially, implement authorization policies for nominal operating g 
configurationconfiguration
Later, adjust authorization policies for degraded mode operatingLater, adjust authorization policies for degraded mode operating
configurations configurations 

Reconfigures automated control agent for manual commandingReconfigures automated control agent for manual commanding
Avoid conflicts with automated proceduresAvoid conflicts with automated procedures
Reduce vulnerability to harm during manual commandingReduce vulnerability to harm during manual commanding

Supports the execution of manual proceduresSupports the execution of manual procedures
Find the right procedure (e.g., scheduled, triggered, searched)Find the right procedure (e.g., scheduled, triggered, searched)
Represent and present procedures for human useRepresent and present procedures for human use
Track execution of procedure stepsTrack execution of procedure steps
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Lesson:  Designing for ReconfigurationLesson:  Designing for Reconfiguration

Requirements for reconfigurationRequirements for reconfiguration
Apply ARIEL to applications other than crew liaisons (e.g., Apply ARIEL to applications other than crew liaisons (e.g., 
support for ground controller liaisons)support for ground controller liaisons)
Replace existing services with alternative capabilitiesReplace existing services with alternative capabilities
Add new servicesAdd new services

Changes supporting reconfigurationChanges supporting reconfiguration
Execute ARIEL agent with a subset of the available services Execute ARIEL agent with a subset of the available services 
activeactive
Shutdown and restart one of many ARIEL services while Shutdown and restart one of many ARIEL services while 
running, based on a reconfiguration state model that running, based on a reconfiguration state model that 
configures for safe operation during these transitionsconfigures for safe operation during these transitions
Streamline the management of ARIEL agent and services for Streamline the management of ARIEL agent and services for 
easier use by us and for reuse by otherseasier use by us and for reuse by others



Reconfiguration State ModelReconfiguration State Model
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Techniques for Design of MultiTechniques for Design of Multi--agent agent 
SystemsSystems

Investigating the use of animated mockups to aid Investigating the use of animated mockups to aid 
designers of human/multiple agent interaction (Roesler, designers of human/multiple agent interaction (Roesler, 
Feil, Woods, Puskeiler, Tinapple, 2001)Feil, Woods, Puskeiler, Tinapple, 2001)

Illustrate mutliple, simultaneous perspectivesIllustrate mutliple, simultaneous perspectives
Visualize humanVisualize human--agent and agentagent and agent--agent interactionagent interaction
Detect problems in task pacing, agent interaction, etc.Detect problems in task pacing, agent interaction, etc.

StatusStatus
Visited Cognitive Systems Engineering Lab (CSEL) at OSUVisited Cognitive Systems Engineering Lab (CSEL) at OSU
Defined a process for specifying human/multiple agent Defined a process for specifying human/multiple agent 
interactioninteraction
Developing models associated with this processDeveloping models associated with this process

Demonstration scenarios & briefingsDemonstration scenarios & briefings
Video scriptsVideo scripts
Knowledge models from softwareKnowledge models from software

Will conduct design walkWill conduct design walk--thru of animocks to evaluate interaction thru of animocks to evaluate interaction 
designdesign



Design of MultiDesign of Multi--Agent InteractionAgent Interaction
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Design WalkDesign Walk--thruthru
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Call for AAMAS SubmissionCall for AAMAS Submission

Workshop:  Humans and MultiWorkshop:  Humans and Multi--agent Systemsagent Systems
TopicsTopics

Realizing and comparing models of interactionRealizing and comparing models of interaction

Techniques and methodology supporting interactionTechniques and methodology supporting interaction

Interaction in practiceInteraction in practice

Submission Deadline:  April 3, 2003Submission Deadline:  April 3, 2003

Workshop:  July 14 or 15, 2003   Melbourne, AustraliaWorkshop:  July 14 or 15, 2003   Melbourne, Australia

http://www.traclabs.com/~cmartin/hmas/wkshp_2003/index.htmlhttp://www.traclabs.com/~cmartin/hmas/wkshp_2003/index.html



AAAI Spring Symposium ParticipationAAAI Spring Symposium Participation

Workshop:  Human Interaction with Autonomous Workshop:  Human Interaction with Autonomous 
Systems in Complex EnvironmentsSystems in Complex Environments

How do we make people more effective and safe in How do we make people more effective and safe in 
performing tasks in cooperation with an autonomous performing tasks in cooperation with an autonomous 
system?system?

Representatives from both autonomous systems Representatives from both autonomous systems 
research and humanresearch and human--computer interaction researchcomputer interaction research

Workshop:  March 24Workshop:  March 24--26, 2003   Stanford Univ., CA26, 2003   Stanford Univ., CA

http://www.aaai.org/Symposia/Spring/2003/ssshttp://www.aaai.org/Symposia/Spring/2003/sss--03.html03.html
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